What is claimed is; 
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An electronically self-addressable device, comprising: 
a substrate; 

an electrode, said electrode being supported by 
said substrate; 

a cunrent source operatively connected to said 
electrode ; \ and 

an attachment layer adjacent to said electrode, 
wherein saim layer is permeable to a counterion but 
not permeabl^ to a molecule capable of insulating or 
binding to sam electrode and said layer is capable of 
attaching a macoromolecule. 

The electronic dfevice of claim 1, further comprising a 
permeation layer ,\ said permeation layer being disposed 
between said attachment layer and said electrode • 

The electronic device of claim 1, wherein said current 
source comprises a (direct current source. 

The electronic devicd of claiiq 1, wherein said 
substrate comprises aXmembpr selected from a group 
consisting of silliconAgia^s, silicon dioxide, 
plastic, and cerWic. >A 



5. The electronic device of \claim 1, wherein said 

substrate comprises a base and an overlying insulator. 



6. 



The electronic device of claim 5, wherein said base 
comprises a member selected Vrom a group consisting of 
silicon, glass, silicon dioxMe, plastic, and ceramic. 
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?• The electbronic device of claim 5, wherein said base 
consists of silicon. 

8. The electrbnic device of claim 5, wherein said 
insulator aomprises silicon dioxide. 

5 9. The electronic device of claim 1, wherein said 

substrate coiqjprises a circuit pattern or circuit 
board . 



^0 
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10. The electronic \device of claim 1, wherein said 

electrode is capable of moving a charged macromolecule 
to said attachment layer. 



!J1 



11. 
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12. 



20 13 



The electronic device of claim 1, wherein said 
electrode is capaple of simultaneously moving a 
charged first macnomolecule to said attachment layer 
and removing a secbnd macromolecule having the 
opposite charge to\sajLd— Cirst macromolecule from said 
attachment layer . 



m claim 2, wherein said 
risee— alninopropyltriethoxy 



The electronic devlc 
permeation laye:^ comi! 
silane. 

The electronic device \of claim 2, further comprising a 
buffer reservoir disposed between said permeation 
layer and said electrode. 



25 



14. The electronic device of\ claim 1, wherein the 

attachment of said macromplecule to said attachment 
layer does not insulate sadd electrode. 



i 
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15. The electronic device of claim 1, wherein said 

electrode comprises a material selected from a group 
consisting on aluminum, gold, silver, tin, copper, 
platinum, palladium, carbon, and semiconductor 
materials. 



u 
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16. The electronic aevice of claim 1, wherein the 
electrode comprises a material selected from a group 
consisting of aliminum, gold, silver, tin, copper, 
platinum, palladium, carbon, and semiconductor 

10 materials. 

17. The electronic deviAe of claim 1, wherein the 
attachment of a binding entity to said attachment 
layer does not insulate said electrode. 

18. An electronically self\-addressable device, comprising: 
15 a substrate; 

a plurality of e^retetrQdes, each said electrode 
being disposed upon/saifl substrate; 

a current soipce oA4ratively connected to said 
plurality of electrodesyA and 
20 an attachment la^r V^dj^cent each said electrode, 

wherein said layer is peiteieable to a counterion but 
not permeable to a molecule capable of insulating or 
binding to each said electirode and said layer is 
capable of attaching a macromolecule. 



25 19. The electronic device of claim 18, further comprising 
a switch controller which connects said current source 
to said plurality of electrods^s. 
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20. The electronic device of claim 18, further comprising 
a permeation\ layer disposed between said attachment 
layer and eaqji said electrode. 

21, The electronid device of claim 18, wherein each said 
electrode comprises a material selected from a group 
consisting of avLuminum, gold, silver, tin, copper, 
platinum, palladium, carbon, and semiconductor 
material. 
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24. 



The electronic device of claim 18, further comprising 
an electronic insulative material disposed between 
said plurality of electrodes. 

The electronic devilce of claim 18, wherein said 
plurality of electrpdes arranged in an array. 



The electronic devi 
a cavity for hold 
selected from a jjjrouj 
reagents, and arialytc 



Laims 18, further comprising 
ablution comprising an entity 
insisting of binding entities. 



25. The electronic device pf claim 18, wherein specific 

binding entities have been selectively transported and 
20 bound to said plurality of addressable binding 

locations, forming an addressed active location 
device. 



25 



26. 
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27. The electronic\device of claim 18, wherein the width 
of the binding VLocations on the device is between 5 
microns and lOoWicrons. 

28. The electronic device of claim 18, wherein said 
plurality of binaing locations is arranged in a two 
dimensional array\ 

29. The electronic device of claim 18, wherein said 
plurality of bindina locations is arranged in a three 
dimensional array. \ 

30. The electronic device of claim 18, further comprising 
a computation system,! wherein said system is 
electronically connected to said plurality of binding 
locations. \ 

31. The electronic device ydf claim 30, wherein said 
computation system isf connected to said electrodes. 

32. Method for electronacaloW controlling nucleic acid 
hybridization, comprising the\/Stepspf : 

providing a location'^connected to an electrical 
source; \ 

contacting a first nucleia acid with a second nucleic 
acid, wherein said second nucleac acid is attached to said 
location; and \ 

placing said location at a negative potential for a 
sufficient time, wherein said first nucleic acid is removed 
from said second nucleic acid if said first nucleic acid is 
a non-specific nucleic acid sequence to said second nucleic 
acid, but not removed if said first nucleic acid is a 
specific nucleic acid sequence to said second nucleic acid. 
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33, The method of claim 32, wherein both said first 
nucleic acid and s^iid second nucleic acid are in a 
solution. 

34. The method of iclaim 32, further comprising the step of 
5 placing said location at a positive potential before 

placing said location at a negative potential, thereby 

concentrating said fiVst nucleic acid on said location. 
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35. The method of claUm 32, wherein said negative 
potential is increased\or decreased incrementally. 

36. The method of claim 32, wherein said non-specific 
nucleic acid sequence has one mismatch with the sequence of 
said second nucleic acidl 



37. The method of clai 
acid consists of no 



herein said first nucleic 
re than seven nucleotides. 



38. The method of (tlaim 3\ 
acid consists of no "i^ess 



whereiiv/said first nucleic 
lan 25"Tlucleotides. 



39. The method of claim 3: 
acid consists of between 7 



wherein said first nucleic 
md 22 nucleotides. 



40. The method of claim 32, \ wherein said first nucleic 
20 acid comprises a detectable element . 



41. The method of claim 32, Wiierein said first nucleic 
acid comprises a fluorophore. 
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42. The method of\claim 41, wherein said fluorophore is 
selected from a grofip consisting of Texas Red and 
fluorescein, 

43. The method of claim 32, wherein said first nucleic 
5 acid comprises a deox^ribonucleotide. 

44. The method of clad.m 32, wherein said first nucleic 
acid comprises a ribonucleotide. 

45. The method of claini 32, wherein said first nucleic 
acid comprises a modifie^J nucleotide. 
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46. 
of: 



The method of claim 33, further comprising the steps 



adding a detectable dye in said solution, wherein said 
dye binds to double-stranded nucleic acid with higher 
affinity than single-strandpd nucleic acid; and 



determining the leve 
first nucleic acid and s 
location by measuring t 
location. 



j>ridization between said 
id \second nucleic acid at said 
e l&ir^A of sarid dye at said 



47. The method of claim 46, ^^herein said dye comprises 
20 ethidium bromide. 



48. The method of claim 33, fvcpther comprising the steps 
of: 

adding a detectable dye in ^aid solution, wherein said 
dye gives a stronger detectable signal when in contact with 
25 a double-stranded nucleic acid th^n with a . single-stranded 
nucleic acid; and 
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determining the level of hybridization between said 
first nucleic acid and said second nucleic acid at said 
location by measuririb the level of said detectable signal 
of said dye at said location • 



5 49. The method of 
ethidium bromide. 



claim 48, wherein said dye comprises 
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50. The method of clai^ 33, wherein said solution 
comprising a third nuclfeic acid consisting of a non- 
specific nucleic acid sequence to said second nucleic acid. 

51. * The method of claim l50, wherein the concentration of 
said third nucleic acid is more than 1,000 fold of the 
concentration of said first nucleic acid. 

52. The method of claim 32\, wherein said first nucleic 
acid consists of seven nuclfeotides. 



53. The method of claix 
acid consists of betwec 



32,\wh,ferein said first nucleic 
3tides. 



5 ahd, 



\^^^nucl^i 



54. The method of claim 32, Vherein said first nucleic 
acid consists of 22 nucleotides. 



55. Method for electronically \controlling nucleic acid 
20 hybridization, comprising the steps of: 

providing a location connected to an electrical 
source ; 

contacting a plurality of nikcleic acids with a target 
nucleic acid, wherein said target\ nucleic acid is attached 
25 to said location; and 
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placing said location at a negative potential for a 
sufficient time, wherein a non-specific nucleic acid 
sequence to said tanget nucleic acid but not a specific 
nucleic acid sequence from said plurality of nucleic acids 
5 is removed from said\target nucleic acid. 



56. Method for electronically concentrating an 
electrically charged entity in a solution at a location, 
comprising the steps ol 

contacting said solution with a first location 

10 including a first under ]lvying electrode, and a second 
location including a second underlying electrode; and 

placing said first location at an opposite charge to 
said entity, relative to said second location, thereby 
concentrating said entity\on said first location but not 

15 said second location. 



a 
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57. The method of claim 5fe.r^uif 
placing said second locatyl^n at 
entity. 



xiier comprising the step of 
t)ie same charge to said 



58. The method of claim ^-5l6^ further comprising the step of 
2 0 forming a covalent bond between said entity and an 

attachment layer at said fii^t location. 

59. The method of claim 56, Wherein said entity is a 
nucleic acid and said first location is charged with 
positive potential. 



25 60. The method of claim 59, wnerein said second location 
is charged with negative potential. 



• 
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61. The method o^- claim 56, wherein the concentration of 
said entity at saiA first location is more than 10 times of 
that of said entity \at said second location. 

62. The method of ciaim 56, wherein the concentration of 
said entity at said ftrst location is more than 1,000 times 
of that of said entitM at said second location. 

63. The method of claitei 56, wherein the concentration of 
said entity at said f irfet location is more than 10** times 
of that of said entity ^t said second location. 



o 
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10 64. The method of claim p6, further comprising the step of 
attaching said entity to fcaid first location. 

65. Method for electronically transporting a charged 

entity in a solution jjrom a first location to a second 
location, comprising Itoe steps of: 
15 contacting said splution with said first and 

second locations; 

placing said first 
to said entity, re/ati^ 
thereby transport] 
20 location; and 

thereafter, placinglsaid second location at an 
opposite charge to said entity, relatively to said 
first location, thereby transporting said nucleic acid 
from said first location -qp said second location. 



.on at an opposite charge 
to ^aid second location, 
fntity to said first 



25 66. The method of claim 65, 
nucleic acid. 



wherein said entity is a 



114 



207/263 
PATENT 



67. The method off claim 65, further comprising the step of 
attaching said entllty to said second . location. 



68. Method for eldbtronically controlled synthesis of 

biopolymers on\a plurality of locations, comprising 
the steps of: 

providing a plurality of reaction locations on a 
substrate, wherein each reaction location is 
individually eleatronically addressable; 

forming an attachment layer upon each reaction 
location; 

contacting said plurality of reaction locations 
with a solution coiiprising a charged monomer-A; 

selectively biksing a designated A location at 
which reaction A is \to occur at an opposite charge to 
monomer-A, and biasing another location at which no 
reaction A is to occmr the same charge as monomer-A, 



thereby concentratin 
location; 

thereafter, r 
said plurality of 

contacting 



rea< 



and reacting monomer A on said A 



ring the unreacted monomer-A from 



id 



tifon locations; 

rality of reaction locations 
with a solution qpmprisi^igyci charged monomer-B; 

selectively bluing said A location at the 
opposite charge of moncmier-B, and biasing another 
location at which no reaction B is to occur the same 
charge as monomer-B, thereby concentrating and 
reacting monomer B on sa\Ld A location to form dimer A- 
B. 



69. The method of claim 68, wlierein said monomer-A 
consists of a nucleotide and said monomer-B consists of a 
nucleotide. 
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70. The method \of claim 68, wherein said monomer-A 
consists of an amino acid and said monomer-B consists of an 
amino acid. \ 

71. Method for replicating a master self -addressable 
electronic device addressed with specific nucleic acid 
sequences, corrorising the steps of: 

providing \complimentary sequences to said 
specific nucleic acid sequences and hybridizing said 
complimentary sequences to said specific nucleic acid 
sequences addressed on said master device; 

aligning unafldressed locations on a recipient 
self-addressable electronic device with the addressed 
locations on said master device; and 

biasing the locations on said master device 
negative and the locations on said recipient device 
positive, thereby transporting said complimentary 
sequences to said unaddressed locations on said 
recipient device. \ 

72. The method for repl^^kt^ patterned sequences of 
claim 71, further /comprising the step of providing a 
positively charged chaW^opic agent or denaturant of 
denature the comp^^Jjn^mLary sequences from the master 
template. \ 

73. A self-addressable electbronic device for genetic 
typing, comprising: \ 

a plurality of electroniaally addressable locations 
each comprising an electrode; and 

a binding entity attached to each of said plurality of 
locations, wherein each said entity is capable of detecting 
the presence of a genetic sequenpe. 
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74. The self-addressable electronic device of claim 73, 
wherein said genetic sequence is a nucleotide sequence. 

75. The self-addressable electronic device of claim 74, 
wherein said nucleoside sequence is a cDNA sequence. 

5 76. The self-addressable electronic device of claim 74, 
wherein said nucleotiae sequence is a genomic DNA sequence, 

77. The self-addressaple electronic device of claim 74, 
wherein said nucleotide sequence is an mRNA sequence. 

78. The self-addressable electronic device of claim 74, 
10 wherein said nucleotide Wequence is a cRNA sequence. 
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79. The self-addressabl^.-'-elrectronic device of claim 73, 
wherein said genetic sequence is an amino acid sequence. 

80. The self-address^bl^e^^eptxonic device of claim 73, 
wherein each said biridifig \entity attached to each said 
plurality of locations is fche same. 



81. The self-addressable Electronic device of claim 73, 
wherein a said binding enti\ty is different from another 
said binding entity. 



20 
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82. Method for electronically controlled genetic typing, 
comprising the siceps of: 

providing a piyrality of electronically addressable 



locations each com 

attaching a bi 
of locations, wher 
detecting the pres 



sing an electrode; 

ig entity to each of said plurality 
In^each said entity is capable of 
nt:e\ of a genetic sequence; 
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contacting a samplAwith said plurality of locations; 
determining the genefflac profile of said sample by 
detecting the presence olA^epsence of said genetic sequence 
at each of said plurality' of locations. 

5 83. Method y or electronically controlled enzymatic 

reaction at a^n addressable location, comprising the steps 
of: 

providing an electronically addressable location 
comprising an Electrode; 
10 contact ing\ a substrate with said location; 

placing saM location at an opposite charge to said 
=p substrate, therei{>y concentrating said substrate on said 

]S location; 

u 

attaching saM substrate to said location; 
15 contacting anVnzyme with said location; 

placing said location at an opposite charge to said 
enzyme, thereby conce^jitrating said enzyme on said location; 
and 

allowing said enz^e to react with said substrate on 
20 said location. 

84. The method of claim 83, wherein said substrate 
comprises a nucleic acid. 

85. The method of claim 83, wherein said enzyme comprises 
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25 glycosidase, or\ a phosphorylase. 



a restriction enzyme, a ligase, a proteinase, a 



86. The method of claim 83, wherein said enzyme comprises 
a DNA polymerase. 
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87. The method of claim 83, wherein said enzyme comprises 
an RNA polymerase. 

88. The method of claim 83, wherein said enzymatic 
reaction comprises an enzymatic digestion of a nucleic 

5 acid. 

89. The method of claim 83, wherein said enzymatic 
reaction comprises synthesis of a nucleic acid. 

90. The method of claim 83, wherein said enzymatic 
reaction comprises synthesis of a polypeptide. 

10 91. Method for electronically controlled amplification of 
nucleic acid, comprising the steps of: 

(1) providing an electronically addressable location 
comprising an electrode; 

(2) providing an oligonucleotide primer Y attached to 
15 said location; 

(3) contacting a single stranded nucleic acid X with 
said location, wherein said primer Y specifically 
hybridizes to said nucleic acid X; 

(4) placing said location at an opposite charge to 
20 said nucleic acid X, thereby concentrating said nucleic 

acid X on said location and hybridizing said nucleic acid X 
to said primer Y; 

(5) contacting a nucleic acid polymerase with said 
location; 

25 (6) placing said location at an opposite charge to 

said polymerase, thereby concentrating said polymerase on 
said location and allowing said polymerase to synthesize a 
nucleic acid Y from said primer Y on said location; 
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(7) placing said location at a negative potential for 
a sufficient time to remove said nucleic acid X from said 
location; 

(8) contacting an oligonucleotide primer X with said 
5 location, wherein said primer X specifically hybridizes to 

said nucleic acid Y; 

(9) placing said location at an opposite charge to 
said primer X, thereby concentrating said primer X on said 
location and hybridizing said primer X to said nucleic acid 

10 Y; 

(10) placing said location at an opposite charge to 
said polymerase, thereby concentrating said polymerase on 
said location and allowing said polymerase to synthesize a 
nucleic acid from said primer X on said location. 

15 92, Method for elLectronically controlling binding between 
macromolecules, comprising the steps of: 

contacting a charged first macromolecule with a second 
macromolecule in aXdirect current electric field, wherein 
said second macromolecule is attached to a location; 

20 placing said location at a potential opposite to the 

charge of said first Vmacromolecule for a sufficient time, 
wherein said first mahromolecule is removed from said 
second molecule if saAd first macromolecule does not 
specifically bind to skid second macromolecule, but not 

25 removed if said firstr mfecr<^moleci)le specifically binds to 
said second macromo])ecu])£ 

93. The method of Claim ^2, wherein said first 
macromolecule is a polypeptide . 

94. The method of claim 92, \ wherein said first 
30 macromolecule is a nucleic aaid. 




